This paper reviews the direct associations between amphipods and molluscs. They are basically of two types, one in which the amphipods temporarily shelter under the shell of intertidal snails, the other in which they spend their entire life in the mantle cavity of subtidal bivalves. In the latter category the amphipods often show territorial behaviour and extended parental care. The calliopiid Calliopiella michaelseni Schellenberg, 1925, associated with intertidal Patella spp. in S. Africa, biologically nevertheless belongs to the category of the bivalve associates.
INTRODUCTION
In 1972, Vader published a survey of the associations between amphipods and molluscs. He there divided these associations into two main categories, as follows: "In the first group the host is an intertidal gastropod or chitonid and the main advantages to the amphipod partner may be protection from desiccation and solar irradiation during the period of emersion. (. . .) In the second type of association the amphipods live in the mantle cavity of a bivalve mollusc; here they not only get protection but probably also obtain most of their food through the feeding activities of their host" (Vader, 1972: 16) . This division seems still mainly valid almost 40 years later. The present paper gives an updated survey of amphipod-mollusc associations, and discusses what is known of their biology.
As in 1972, we exclude instances in which the outer surface of large and ornate molluscs, such as Ostrea and Pinna, form a suitable habitat for amphipods (see, e.g., Korringa, 1951) , or where molluscs live in dense populations and large numbers of amphipods live among them: e.g., Parhyale hawaiensis (Dana, 1853) among Septifer virgatus (Wiegmann, 1837) in Hong Kong (Ong Che & Morton, 1992) , and various amphipods among cultivated Haliotis spp. in South Korea (Shin et al., 2005) ; a special case is the occurrence of amphipods on the egg masses of the mottled sea hare, Aplysia brasiliana (Rang, 1828) (Ray & Stoner, 1984) .
Also excluded are those cases where amphipods use gastropod or scaphopod shells as 'house'. This is common in the Siphonoecetinae (see, e.g., Gauthier, 1941; Just, 1988) ; another amphipod with a similar habit is Photis conchicola Alderman, 1936 (Carter, 1982 .
Amphipod associates are also common in and on gastropod shells tenanted by hermit crabs (see, e.g., Hoberg et al., 1982; Vader, 1995; Vader & Myers, 1996) . In these cases the primary attraction for the amphipods is most probably not the mollusc shell, but the hermit crab and the coelenterates growing on the shell surface. Therefore, these cases will not be surveyed here.
Attention is further drawn to a number of reports where amphipods apparently mimic molluscs, mostly small gastropods. The authors concerned have categorized this as Batesian mimicry, because in their opinion the models, which are much more numerous than the mimics, are distasteful to predators or at least much less attractive than the mimicking amphipods. Such a situation was first noted by Crane (1969) and later studied by Field (1974; see also Carter & Behrens, 1980) ; the amphipods involved were apparently in all cases the pleustid Thorlaksonius platypa (Barnard & Given, 1960 ) (fide Bousfield & Hendrycks, 1994) and the snail Mitrella carinata (Hinds, 1844) . A different case of Batesian mimicry, involving the podocerid amphipod Podocerus cristatus (Thompson, 1879) s.l. and the aeolid nudibranch Flabellina trilineata (O'Donoghue, 1921) , was described by Goddard (1984) . Several other, as yet unpublished, cases can be found on Tom Carefoot's website (Carefoot website) .
Finally, there is the curious case where an amphipod uses an unpalatable mollusc as protection against predators. The Antarctic hyperiid Hyperiella dilatata (Stebbing, 1888) has been shown to carry around the noxious pteropod Clione limacina (Phipps, 1774) , and derives some protection from fish predators from this habit (McClintock & Janssen, 1990 ).
Direct amphipod associates of molluscs can, as mentioned before, be divided into two main groups.
1. Amphipods sheltering under intertidal molluscs, and 2. Amphipods living in the mantle cavity of bivalves.
AMPHIPODS SHELTERING UNDER INTERTIDAL MOLLUSCS
The cases known to us are listed in table I. They belong to three families of amphipods, the Calliopiidae, Hyalidae and Pontogeneiidae. The Hyalidae, in the genera Apohyale, Hyale and Parhyale (see fig. 1 ), are found below intertidal snails and chitons almost worldwide. Authors describing these associations agree on several points: (1) there are more juvenile than adult amphipods involved, (2) there are more amphipods present under the hosts at low tide than during high tide, and (3) there are more amphipods present under the hosts in areas where there is not much algal growth. (Several of the authors concerned have interpreted this as a zonation phenomenon, but the correlation with scarcity of macroalgae appears in all cases to be stronger than that with height above low water.) Johnson (1968) found juvenile Hyale grandicornis (Krøyer, 1845) present under Acmaea spp. in California both at high and low tide; his animals were inactive during the day, but fed, still below the host, at night. These results are somewhat at variance with those of other authors, i.a. those of Branch (1975, p. 113) in S. Africa, again on H. grandicornis, here as an associate of various Patella spp.; his conclusion was: It is a facultative inquiline which vacates the hosts at high tide. This agrees with the results of Underwood & Verstegen (1988) on Hyale media (Dana, 1853) as an associate of the limpet Cellana tramoserica in New South Wales, Australia; here again the amphipods congregated under the limpets at low tide and left their hosts at high tide. These authors also tested and confirmed Vader's (1972) original suggestion that the principal advantage to the amphipods of the association is protection against desiccation and solar irradiation. In a series of field experiments the amphipods clearly preferred those artificial shelters that retained some water during low tide. Of course, living below limpets during low tide also confers protection against predation, compared to the alternative of retreating to rock pools. All hyalids tested are strongly thigmotactic and negatively phototactic, and this will help them to find a suitable host, while almost all hosts are limpets or large chitonids, animals where it is easy to get below when they are submersed and active, and who close tightly and retain sufficient water during low tide. They are also all algal feeders, and the amphipods may also get some food below the host (the only exception is the predatory dogwhelk Nucella lapillus (Linnaeus, 1758), from which Brattegard (1963) first recorded this type of association, but also this species usually keeps stationary during low tide). Patella spp.
South Africa Koch (1949) , Barnard (1955) , Branch (1975) , Griffiths (1975) Hyalidae Little is known of the two Paramoera spp., that have been reported as sheltering below limpets, but probably also this is a facultative and temporary association.
The situation is clearly different for the calliopiid Calliopiella michaelseni, a common species on South African shores, where it can be found under the foot of the many Patella species occurring there. This association has been studied by Branch (1975) and is clearly of a somewhat different character from the ones involving hyalids. Calliopiella specimens live their entire lives below the Patella and apparently never voluntarily leave their host. The amphipods appear to feed on the hosts' faeces and the algal scrapings left behind when the limpets are feeding. Interestingly, there are clear signs of territoriality in Calliopiella: not only is the other local associate, H. grandicornis, invariably absent under limpets that harbour Calliopiella, but in the large majority of hosts there is only a single pair of Calliopiella present, together with a number of juveniles, probably a brood. The young disperse at an age of about two months and are found below small as well as large limpets.
Recently another amphipod with a possibly similar way of life was discovered, i.e. the pontogeneiid Haliogeneia crosnieri from large abalones Haliotis rubra (Leach) in SE Australia (Lowry & Stoddart, 1998) ; nothing seems as yet to be known about the biology of this species, that has been collected from shallow subtidal waters.
AMPHIPODS LIVING IN THE MANTLE CAVITY OF BIVALVES
The cases known to us are listed in table II. Taxonomically, this is quite a mixed group, containing leucothoids and stenothoids, as well as the enigmatic Cardiophilus (now in the Behningiellidae), and one species each in Lysianassidae and Uristidae. Also the hosts belong to many different bivalve groups, with apparently little in common. Interestingly, whereever such information is provided, all authors state that the mantle tissue of the host is unharmed, even in the cases of Orchomene kaikoi (Bellan-Santini, 1990) and Anonyx affinis (Just, 1983) , which are closely related to well-known predators and scavengers. Little is as yet known on the food of this group of associated amphipods, but Metopa glacialis (Krøyer, 1842) (see fig. 2 ) appears to act like a true commensal and to feed on the particles that the host collects .
Most of these bivalve associates appear to be moderately host-specific, living inside a few closely related host species: Musculus spp. in the case of Metopa glacialis and M. alderii, Pandora in the case of M. groenlandica (Hansen, 1887), and Cardium s.l. species in the case of Cardiophilus. A clear exception is Leucothoe flammula, as this recently described species has already been found in a long series of quite disparate host bivalves (Ortiz, 1975 (as L. spinicarpa) ; Thomas & Klebba, 2007; White, 2011) .
Most of the bivalve hosts are not very large, and room and food must be restricted. It is therefore not altogether unexpected, that in many cases (Metopa, Cardiophilus, probably also Leucothoe flammosa) there are clear signs of territoriality, with only one ovigerous female present per host (Stephensen & Thorson, 1936; Elian, 1961; Mirjazani & Vonk, 2006; . In Cardiophilus and Metopa there is also only one adult male, while the data are not entirely clear in this respect for Leucothoe flammosa (Thomas & Klebba, 2007) . Few data are available for Anonyx affinis and Orchomene kaikoi, but also there no more than 2 adult specimens have been found in a single host; A. affinis does occasionally occur in the same host mussel as M. glacialis, though (Just, 1983; Bellan-Santini, 1990; .
DISCUSSION
Amphipods that live below or even within molluscs are very inconspicuous, and most such associations have been discovered more or less accidentally. It is therefore to be expected that many more such associations occur in the sea and that the ones we know of until now are only a minority. Although the division into two quite separate groups first made by Vader (1972) still holds to a large degree, it nevertheless looks as if the case of Calliopiella, as studied by Branch (1975) , is a special one. This species, although living under the foot of intertidal limpets, agrees in many of its biological particularities much more with the bivalve associates: the amphipods spend their entire life cycle with their host, they feed on host' products and activities, and they are clearly territorial, with never more than a single adult pair present, in addition to a brood of juveniles (while they also repel the other local mollusc associate, Parhyale hawaiensis).
This territoriality exists in many cases together with what Thiel (1999 Thiel ( , 2007 has coined 'extended parental care', i.e., the presence of one or several broods of juveniles together with the adult pair within the host. A similar territoriality has been observed in amphipods that live in association with hermit crabs (Vader, 1995) , ascidians (Thiel, 1999 (Thiel, , 2000 and small sea anemones (Vader, unpubl . observations on Orchomenella recondita (Stasek, 1958) inside Anthopleura elegantissima (Brandt, 1835) in California). In all these cases the hosts are not very large compared to the symbionts, but much more long-lived, so that it constitutes a sure, but restricted source of food and protection. Territoriality is under such conditions probably a most advantageous strategy for a symbiont.
